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Meat products are one of the categories of food that is increasingly appreciated by consumers. The presence in meat 
products of psychrotrophs is of particular importance for their quality, safety and freshness. Psychrotrophs can decrease 
their quality or make them non-edible, either by their pathogenic action or by the degradation and production of toxic 
metabolites. The aim of the study was to carry out a microbiological risk assessment regarding contamination of some 
meat products with psychrotrophs. The research material was represented by 36 samples of heat treated meat products: 
frankfurter, extra baloney and Victoria ham salami, collected between February - May 2019 from a meat processing 
company, located in Transylvania. All the samples were analyzed for the presence of the main psychrotrophs involved 
in spoilage processes: Acinetobacter spp., Pseudomonas spp., Moraxella spp., Lactobacillus spp., Aeromonas spp., 
Yersinia spp., and other bacteria from Enterobacteriaceae family. Psychrotrophic microbial load ranged between 
7.0x102 and 5x104 cfu/g, 2x102 cfu/g and 8x102 and 3.2x106 for Victoria ham salami, extra baloney and frankfurters, 
respectively. In case of frankfurters, the microbial population was represented by: Pseudomonas fluorescens, 
Pseudomonas putida, Micrococcus spp., lactic acid bacteria, Moraxella lacunata, Ochrabactrum anthropi, and 
unidentified Gram positive rods. Microbial populations in case of Victoria ham salami were represented by: 
Pseudomonas fluorescens, Pseudomonas putida, Acinetobacter lwofii, Moraxella lacunata, Staphylococcus spp., 
Stenotrophomonas maltophilia, Streptococcus spp., and unidentified Gram positive rods. Microbial populations in case 
of extra baloney were represented by: Pseudomonas fluorescens, Psychrobacter phenylpiruvicus, Micrococcus spp., 
Staphylococcus spp., Streptococcus spp., and unidentified Gram-positive bacteria. Following the microbiological risk 
assessment regarding the presence of psychrotrophs in meat products, we conclude that psychotrophic microflora must 
be monitored permanently, being dependent on the initial loading of the raw material, as well as on the hygiene practices 
and temperature from storage area. Key words: meat products, psychrotrophic microflora, microbial risk assessment. 
 
Introduction 
Meat products represent an important part in the nutrition of the population of many 
countries. The presence in meat products of psychrotrophs is of particular importance for their 
quality, safety and freshness. Psychrotrophs can decrease their quality or make them non-edible, 
either by their pathogenic action or by the degradation and production of toxic metabolites (Bărzoi 
and Apostu, 2002). Microorganisms can originate from the living animal, where they are part of 
the microflora or as a result of contamination during the processing and storage stages (Răducu, 
2014; Sălagean and Ţibulcă, 2015). The contamination degree is largely dependent on the initial 
level of microbial contamination, as well as on of temperature and humidity of the environment 
from factory premises. The contamination level reduction of these germs can only be achieved by 
applying the following measures: good hygiene design, good hygienic practices (GHP), good 
manufacturing practices (GMP), standard sanitation operation procedures (SSOPs) and hazard 
analysis and critical control points (HACCP) (Dan, 2014). Meat spoilage process is a complex 
phenomenon, in which the microorganisms present in the muscle tissue, both on the surface and in 
the depth, are involved, following by a secondary contamination during processing. Meat spoilage 
comprises all the changes in the meat ecosystem, along the development of microbial associations. 
Establishing a particular microbial association in meat depends on the ecological factors that persist 
during its processing, storage, transport and disposal (Napravnikova et al., 2002). In most 
countries, meat and meat products are stored by refrigeration at temperatures between 0° and 6° C, 





will be represented by the psychtrophs. Refrigerated meat products can contain a wide variety of 
germs, present either as components of the normal microflora of the meat, or due to its 
contamination during processing. Gram-negative psychotrophic bacteria represent the microflora 
with the highest potential for spoilage in refrigerated meat products. If the meat product is 
maintained at temperatures of 0˚ to 6˚C, under aerobic conditions, members of the genera 
Pseudomonas, Moraxella, Acinetobacter and Psychrobacter will have the highest growth rate, 
resulting in their increased alteration potential (Nychas et al., 2000). The aim of the study was to 
carry out a microbiological assessment regarding contamination of some meat products with 
psychrotrophs. 
 
Material and methods 
The research material was represented by 36 samples of heat treated meat products: 
frankfurter, extra baloney and Victoria ham salami, collected between February and May 2019 
from a meat processing company, located in Transylvania. The samples were collected randomly, 
at different time intervals, from different four lots, and from each lot three samples were collected, 
according to the current legislation. The samples were collected in sterile bags, and transported in 
refrigerated insulated bags to the laboratory of the Food safety department. All the samples were 
analyzed for the presence of the main psychrotrophs involved in spoilage processes: Acinetobacter 
spp., Pseudomonas spp., Moraxella spp., Lactobacillus spp., Aeromonas spp., Yersinia spp., and 
other bacteria from Enterobacteriaceae family. All the samples were aseptically weighted (10 g) 
and homogenized with 90 ml of buffered water peptone (Oxoid) for 3 min. in a stomacher at 
ambient temperature (Easymix, Aes-Chemunex). Afterwards, decimal dilutions (up to 10-6), were 
obtained, using the same dilution solution. In order to count and isolate the microorganisms, spread 
plate technique was used, as follows: 0.1 ml was inoculated in duplicate on specific culture media: 
aerobic plate count agar (APC, Merck), for total viable count; glutamat, starch phenol red agar 
(GSP, Merck), for Pseudomonas spp.; cefsoludin, irgasan, novobiocin agar (CIN, Merck), for 
Yersinia spp.; violet, red, bile, dextrose (VRBD, Oxoid), for Enterobacteriaceae; De Man, Rosa, 
Sharpe agar (MRS, Merck), for lactic acid bacteria. All the plates were incubated 7 days at 20- 
22°C. After colonies development, enumeration was performed and than, colonies were subject for 
the following microbiologcal tests: cultural exam, Gram staining, KOH 3%, oxidaze and catalaze. 
In order to differenciate between species, comercial API 20 NE and 20E were used. After 
incubation of the stripes, API LABPLUS software was used. The results were statistically analysed 
using Origin 8.5 software program, by comparison of means by analysis of variance through 
ANOVA test. 
 
Results and discussions 
Results regarding the microbiological risk of the psychrotrophs in Victoria ham salami 
Total psychrotrophs count ranged between 2.84±31 and 3.69±0.45 log cfu/g, (figure 1). 
Based on these results it was established that the psychotrophic load did not exceed the maximum 
recommended limit of 5 × 104 cfu/g (4.69 log cfu/g). We should mention that the legislation of EU 
does not provide a mandatory limit the total viable count in case heat treated meat products. The 
value of the maximum recommended limit was considered plausible, because following heat 
treatments, microbial load decreases at least 100 times (2 log). In case of fresh minced meat, the 
maximum limit is set at 5.0 × 106 cfu/g (6.69 log cfu/ g), which means that after heat treatment, 




































Figure 1. Mean total viable count (±SE) in case of Victoria ham salami (n=12) 
 
Pseudomonas spp. was isolated only from 9 samples (75%), and microbial load ranged 
between 3.11±0.24 log and3.56±0.2 cfu/g (figure 2). Our results are in accordance with those 
mentioned by Khalafalla et al. (1993), in which Pseudomonas reached 3.0 log cfu/g. No Yersinia 
spp. was isolated on CIN agar. These results confirm the research of Nesbakken (2000), who points 
out that the Yersinia spp. are sensitive to the pasteurization temperature, being inactivated by the 
thermal. Psychotrophic enterobacteria were isolated only from one lot (25%), with a microbial load 
of 2.69 log cfu/g. However, the microbial load exceeded the maximum recommended limit, 
considered appropriate for these microorganisms, respectively 102 cfu/g. Other studies established 
a microbial load with Enterobacteriaceae from heat-treated meat products, of 6.0 x 103 cfu/g, higher 
in comparison with our results (Khalafalla et al., 1993). Similarly, Garcia et al., (2000), isolated 
from spoiled cured ham members of Enterobacteriaceae. Lactic acid-bacteria on MRS agar were 
not isolated. Similar results were obtained by Kreyenschmidt et al. (2009), in a study on 
determining the shelf life of heat-treated ham. Thus, in the first day after the manufacture of this 
meat product, the lactic acid bacteria were not identified, they were isolated during the storage 
period, when they became the dominant species. Based on these, it can be stated that under strict 
hygiene rules along the entire manufacturing process of the Victoria ham, the microbial load 
presented low values. 
Based on morphological and biochemical tests it was found that microbial populations in 
case of Victoria ham salami were represented by the following: Pseudomonas fluorescens, 
Pseudomonas putida, Acinetobacter lwofii, Moraxella lacunata, Staphylococcus spp., 
Stenotrophomonas maltophilia, Streptococcus spp., and unidentified Gram positive rods. Also, 
Gram-negative germs were dominant, accounting for 75.85% of the bacterial species developed in 
Victoria ham salami, while Gram-positive germs represent only 24.15%. Among the Gram- 
negative psychotrophic bacteria, Pseudomonas fluorescens/putida (55.17%) predominate, 
followed by Acinetobacter lwoffii (6.90%) and Moraxella spp. (6.90%). Similar studies, carried 
out by Gardner (1983), for establishing the microbial configuration of some heat-treated meat 
products, showed a very diverse microflora, represented by the following genera: Micrococcus, 
Staphylococcus, Brochotrix thermosphacta, Acinetobacter, Alcaligenes, flavobacteria, Aeromonas, 
Pseudomonas, Achromobacter and psychotrophic germs belonging to the Enterobacteriaceae 
family. 
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Unidentified Gram positive rods 
Figure 3. Microbial diversity population in Victoria ham salami (n=12) 
 
 
Results regarding the microbiological risk of the psychrotrophs in case of extra baloney 
Total psychrotrophs count was relatively low, ranged between 2.2±0.15 and 3.47 log cfu/g 

































Figure 4. Mean total viable count (±SE) n case of extra baloney (n=12) 
 
Pseudomonas spp. was isolated only in one lot, and microbial load was relatively low, of 
2.25 log cfu/g. Yersinia spp., psychrotrophic enterobacteria and lactic acid bacteria weren’t isolated 
from extra baloney analyzed samples. 
Based on morphological and biochemical tests it was found that microbial populations in 
case of extra baloney were represented by the following: Pseudomonas fluorescens, Psychrobacter 



































phenylpiruvicus, Micrococcus spp., Staphylococcus spp., Streptococcus spp., and unidentified 

























Streptococcus  spp. 
Unidentified Gram positive rods 
Figure 5. Microbial diversity population in extra baloney (n=12) 
 
Based on our results, it can be noticed that the dominant microflora consists of Gram- 
negative psychrotrophic germs: Pseudomonas fluorescens and Psychrobacter phenylpyruvicus, 
respectively 55.56%, while Gram-positive germs (Micrococcus spp., Staphylococcus spp., 
Streptococcus spp., and unidentified Gram-positive rods), represented 44.44%. 
 
Results regarding the microbiological risk of the psychrotrophs in case of frankfurters 
Total viable count in case of frankfurters ranged between 2.90 ± 0.21 and 5.5 ± 0.92 log 
cfu/g (figure 6). From the analyses of the results, we noticed high differences between microbial 
load of those four lots. Thus, in case of first lot, no bacteria was isolated, then for the next two lots, 
microbial load was relatively low (<3.5 log cfu/g), and in case of 4th lot microbial load exceed the 
maximum recommended limit. The explanation could be represented by the fact that the first 3 
batches were collected from February to March 2019, and the samples from the last batch were 
collected during May. These aspects reveal that the microbial load of frankfurters was significantly 
influenced by the level of initial contamination of the raw material meat, which seems to have been 
lower in the cold season. Differences between microbial load of beef and pork meat during cold 
and warm season were published by Dan et al., (2003), with a higher contamination level recorded 
in the warmer season. Different results were reported by Dias et al. (2013), which noticed a 





































































Figure 6. Mean total viable count (±SE) n case of frankfurters (n=12) 
 
Pseudomonas spp. was isolated only in two lots, with a microbial load ranged between 2.41 
± 0.18 and 3.56 ± 0.38 log cfu/g. Aeromonas spp. was not isolated in any of the meat product 
analyzed, which demonstrates the sensitivity of this specie the heat treatments applied or to the 
preservative effect of the salt mixture used. Palumbo et al. (2000), isolated Aeromonas hydrophila, 
Aeromonas sobria and Aeromonas caviae, respectively, in ham, and smoked sausages, with a 
microbial load ranged between 10 and 102 cfu/g. The authors noticed that aeromonads load 
increases with the storage time, most likely their presence being due to recontamination of the 
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Figure 7. Mean lactic acid bacteria count (±SE) n case of frankfurters (n=12) 
 
The microbial load with lactic acid bacteria ranged between 5.34 ± 0.89 and 6.86 ± 1.15 log 
cfu/g (figure 7). In case of samples from the fourth lot, microbial load exceeded the value of 6.0 
Total viable count 
5,5 
Maximum recommended limit 
3,14 
2,9 








































log cfu/g, considered by many authors the level from which fermentative spoilage can occur (Ayres 
et al., 1980; Egan et al., 1987; Guerrero et al., 2000). Also, in case of samples from the fourth lot, 
sensorial changes were detected, represented by a slightly sour flavor, characteristic for of the 
spoilage processes produced by these microorganisms. These results are also confirmed by studies 
carried out by other researchers, who revealed that the fermentative spoilage produced by 
lactobacilli occurs when their number reach 106-107 cfu/g, being determined by the metabolites 
produced by the degradation of the components of meat products (Ayres et al., 1980; Egan and 
Roberts, 1987; Guerrero et al., 2000). Psychrotrophic representatives of Enterobacteriaceae family 
were isolated only from one lot, with a microbial load of 3.20 ± 0.20 log cfu/g. Yersinia spp. was 
not isolated from any sample of frankfurters. 
Microbial diversity from frankfurters is depicted in figure 8. We noticed that Gram-negative 
microflora (enterobacteria, Moraxella spp., Ochrabactrum spp., Pseudomonas spp.) predominates 
over Gram-positive (lactic acid bacteria, Micrococcus spp., Streptococcus spp., not identified 
Gram-positive bacilli), respectively 58.81% against 41.19%. Also, from Gram negative 




























Lactic acid bacteria 
Unidentified Gram positive rods 
Figure 8. Microbial diversity population in frankfurters (n=12) 
 
These results are in accordance with studies conducted by Guerrero (2000) and Gardner 
(1984). Also, Li et al. (2006), identified Pseudomonas fluorescens in 8 samples of pork 




In all samples of refrigerated meat products analyzed, psychrotrophic Gram negative rods 
represented predominant microflora. Pseudomonas spp. were the most dominant species from 














Based on these findings, we consider that psychrotrophic microflora must be monitored 
permanently, being dependent on the initial loading of the raw material, as well as on the hygiene 
practices and temperature from storage area. In case of non-compliances with those conditions, 




1. Ayres J. C., J. O. Mundt, W.E. Sandine, 1980 – Prevention of Food Spoilage, in Microbiology of 
Foods, W.H. Freeman and Compan, San Francisco. 
2. Bărzoi D., S. Apostu, 2002. Microbiologia produselor alimentare, Ed. Risoprint, Cluj-Napoca. 
3. Dan S.D., 2014. Microbiologia cărnii şi preparatelor din carne refrigerate,. Ed. Risoprint Cluj-Napoca. 
4. Dan S. D., Rotaru O., Răpuntean Gh., Mihaiu M., Zegrean G., 2003. The dynamic of psychrotrophic 
microflora in beef during slaughtering process, Bul. USAMV-CN, 60: 67-71. 
5. Dias F.S., R.C. Lacerda, S.R.Freitas, 2013. Characterization of spoilage bacteria in pork sausage 
by PCR–DGGE analysis, Food Sci. Technol, Campinas, 33(3): 468-474. 
6. Egan A. F., T. A. Roberts, 1987. Microbiology of Meat and Meat products, in Essays in Agricultural 
and Food Microbiology, John Wiley & sons LTD. 
7. García, C., A. Martín, M.L. Timón, J. J. Córdoba. 2000. Microbial populations and volatile compounds 
in the “bone taint” spoilage of dry cured ham. Lett. Appl. Microbiol. 30:61-66. 
8. Garcia–Lopez M.L., J.A. Santos, A. Otero, 2000. Flavobacterium, in Encyclopedia of Food 
Microbiology, vol. II, Academic Press, San Diego, California. 
9. Gardner G.A., 1984. Microbial Spoilage of Cured Meats, in Food Microbiology: Advances and 
Prospects, Academic Press, San Diego, California. 
10. Guerrero I., L.P. Chabela, 2000. Spoilage of Cooked Meats and Meat Products, in Encyclopedia of 
Food Microbiology, vol II, Academic Press, San Diego, California. 
11. Khalafalla F., El-Sherif A., 1993. Psychrotrophic bacteria in sausage, in Nahrung, 37(5):428-432. 
12. Kreyenschmidt J., A. Hubner, E. Beierle, L. Chonsch, A. Scherer, B. Petersen, 2009. Determination 
of the shelf life of sliced cooked ham based on the growth of lactic acid bacteria in different steps of 
the chain, Journal of Applied Microbiology 108(2): 510-20. 
13. Li M.Y., G.H. Zhou, X.L. Xu, C.B. Li, W.Y. Zhu, 2006. Changes of bacterial diversity and main flora 
in chilled pork during storage using PCR-DGGE. Food Microbiology, 23: 607-611. 
14. Napravnikova E., L. Vorlova, L. Malota, 2002. Changes in hygienic quality of vacuum packed pork 
during storage, Acta vet. Brno, 71: 255-262. 
15. Nesbakken T., 2000. Yersinia species, in The Microbiological safety and Quality of Food, vol.II, 
Aspen Publishers, Inc., Gaithersburg, Maryland. 
16. Nychas, G.J.E., E.H. Drosinos, 2000. Meat and poultry, Encyclopedia of Food Microbiology, vol II, 
Academic Press, San Diego, California. 
17. Palumbo S., G. N. Stelma, C. Abeyta, 2000. The Aeromonas Hydrophila Group, in The 
Microbiological Safety and Quality of Food, vol.II, Aspen Publishers, Inc., Gaithersburg, Maryland; 
18. Răducu C.M., 2014. Prelucrarea și controlul calității produselor animale. Ed. AcademicPres, Cluj- 
Napoca, pp. 7-8, 32-37. 
19. Sălăgean C.D., Țibulcă D, 2015. Tehnologia produselor din carne, Ed. Risoprint, Cluj-Napoca. 
